Abbreviation Key: AP-PCR = arbitrarily primed-polymerase chain reaction; BGS = brilliant green sulfa; BHI = brain heart infusion; MLIA = modified lysine iron agar; PCR = polymerase chain reaction; SC = selenite cystine; TAE = Tris-acetate; TSI = triple sugar iron agar; TT = tetrathionate; UP = Universal Preenrichment; XLD = xylose lysine desoxycholate. 
INTRODUCTION
As consumers become better informed and perceived risks of foodborne infections increase, feasible control and possible elimination of Salmonella may be of interest to turkey producers. Efficient controls to reduce Salmonella contamination of poultry should begin at the farm. In order to implement controls, sources of contamination must be identified (Mead, 1996) . Feed, water, insects, rodents, poults, and humans are potential sources of bird colonization and contamination of poultry houses by Salmonella (Bailey et al., 1996) .
The PCR is a rapid and reliable method for detection and identification of foodborne pathogens such as Salmonella (Hill, 1996) . Primer set invA and invE is Salmonella specific, as demonstrated with clinical samples (Stone et al., 1994) . Recent methods for DNA fingerprinting have been developed using polymerase chain reaction (PCR) amplification of random genomic DNA fragments with single or multiple arbitrary primers (Welsh and McClelland, 1990; Williams et al., 1990) . One advantage of arbitrarily primed PCR (AP-PCR) is that it can be used without previous knowledge of the nucleotide sequence of the target DNA (CaetanoAnollés et al., 1991) .
Arbitrarily primed PCR has potential as a tool in ecological studies of foodborne pathogens such as Salmonella (Fadl et al., 1995) . The high degree of specificity makes PCR fingerprints an ideal method for typing a broad range of bacteria (Van Lith and Aarts, 1994) . In particular, it may be used to establish transmission pathways of Salmonella in turkey production. This characterization could lead to development and implementation of preventive measures that block preharvest pathways and, thereby, result in reduced contamination of turkey products. In this study, Salmonella isolates from various sources were serotyped and subjected to AP-PCR to identify primary sources and potential transmission pathways within the turkey facility.
MATERIALS AND METHODS

Reference Isolates
Escherichia coli and Salmonella enteritidis were obtained from a clinical microbiology lab. 3 Salmonella reference strains S. heidelberg, S. kentucky, S. simsbury, S. senftenberg, and S. montevideo, as well as non-Salmonella species, Citrobacter and Pseudomonas, were provided by the Salmonella Reference Center. 4
Salmonella Isolates
Salmonella was isolated from turkeys, liners, waterers, litter, air, and feed weighbacks during one, 18-wk growout period. These isolates were collected from a newly constructed turkey house located at Wardensville, WV.
Samples were collected on Day 0, and at 2, 10, 14, and 18 wk of production using conventional methods (Hoover et al., 1997) . Samples were placed into Universal Preenrichment (UP) broth at 37 C for 24 h (Bailey and Cox, 1992) . Following incubation, 1 mL of inoculum was aseptically transferred to 9 mL of both tetrathionate 5 (Catalog No. B11706, TT) and selenite cystine 5 (Catalog No. B11606, SC) broth and incubated at 37 C for 24 h. Subsequently, a loopful of each broth was streaked onto brilliant green sulfa 5 (Catalog No. DF0717-17-5, BGS) and xylose lysine desoxycholate 5 (Catalog No. DF0788-17-9, XLD) agar for further incubation at 37 C for 24 h. A typical colony from each plate was streaked on the slant and stabbed into the butt of triple sugar iron agar 5 (Catalog No. B11749, TSI). Modified lysine iron agar 6 (MLIA) was then inoculated by stabbing the butt and streaking the slant without flaming the needle between these steps. The TSI and MLIA slants were incubated at 37 C for 24 and 48 h, respectively. Positive samples from either TSI, MLIA, or both were transferred to nutrient agar slants (Catalog No. DF0001-17-0) 5 and incubated at 37 C for 24 h prior to serologic screening using Salmonella Polyvalent Antisera (Group A-E). 7 Following serological confirmation, Salmonella isolates were cultured in nutrient broth; equal volumes of nutrient broth culture and glycerol were mixed and stored at -70 C until serotyped by the Salmonella Reference Center. 8 until use. DNA concentrations were calculated by measuring absorbance at 260 nm using a Shimadzu UV-VIS spectrophotometer (Model UV-1201). 10 The ratio of absorbance at 260 and 280 nm (A 260 : A 280 ) was used to assess DNA purity.
DNA Preparation
Cell Lysate. Bacteria were cultured on brain heart infusion agar (BHI) plates 5 for 24 h at 37 C. One colony was then placed in 50 mL of ultrapure distilled H 2 O, boiled for 10 min, and centrifuged at 14,000 × g for 30 s. Two microliters of the supernatant were used for amplification by PCR with Salmonella-specific primers.
Primers
Salmonella-Specific Primers. One set of Salmonellaspecific primers were selected from the published sequences of the invA and invE genes of Salmonella typhimurium (Stone et al., 1994) . Sequences were 5 ′ -T G C C T A C A A G C A T G A A A T G G -3 ′ a n d 5 ′ -AAACTGGACCACGGTGACAA-3′, corresponding to nucleotides 1219 to 1238 of the invE gene and nucleotides 259 to 278 of the invA gene, respectively.
Arbitrary Primers. Three randomly designed primers, yielding multiple-product patterns, were used in pairwise combinations to amplify genomic DNA from each isolate. Primers LG6 (5′-GGGGTGAGCG-3′), LG8 (5′-CAAGGCATCC-3′), and LG9 (5′-TCACGATGCA-3′) were used in LG6+LG8 and LG6+LG9 sets. All primers were synthesized at GibcoBRL. 9
PCR Amplifications
Salmonella-Specific PCR. Reactions with Salmonellaspecific primers invA and invE were carried out in a 50 mL amplification mixture consisting of 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 100 mM each of four deoxynucleoside triphosphates (dATP, dGTP, dCTP, dTTP), 11 1.0 mM of each primer and 1.25 U of AmpliTaq Gold polymerase . 11 Two microliters of cell lysate for each isolate were used in the reaction to provide DNA templates. Amplification was conducted in a Peltier Thermal Cycler. 12 The PCR was performed for 35 cycles, (denaturation at 94 C for 45 s, annealing at 52 C, for 45 s and extension at 72 C for 45 s), followed by a 5-min final extension period at 72 C.
AP-PCR. Amplification reactions were carried out in a 50 mL PCR mixture of 1× PCR buffer, prepared from a 10× PCR buffer (Catalog No. M1901) 11 to contain 10 mM TrisHCl (pH 8.3), 50 mM KCl, 4.0 mM MgCl 2 , 200 mM each of the four deoxynucleoside triphosphates, 1.0 mM of each arbitrary primer, and 2 U of AmpliTaq Gold polymerase. A 0.4 mg sample of genomic DNA was then added to the mixture. Amplification was performed in a Peltier Thermal Cycler. The reaction mixture was heated initially at 94 C for 5 min, followed by 40 cycles (denaturation at 94 C for 1 min, annealing at 40 C for 1.5 min, and extension at 72 C for 2 min), and a final extension of 5 min at 72 C. The above protocol was designed after reaction parameters had been optimized (Guo, 1997) . The reproducibility of banding patterns resulting from AP-PCR was determined by varying the concentrations of MgCl 2 , dNTP, primers, DNA templates, and Taq DNA polymerase. The optimum concentrations were 4.0 mM for MgCl 2 , 200 mM for dNTP, 1 mM for the primers, 0.4 mg for DNA templates, and 2.0 U for Taq DNA polymerase. The optimal annealing temperature was 40 C. On comparison of genomic DNA with cell lysates as a substrate for PCR reaction, no difference was observed in the banding patterns.
DNA Separation
Amplified products from both Salmonella-specific PCR and AP-PCR were resolved in 1% agarose gels containing 0.5 mg/mL ethidium bromide in 1× Tris-acetate (TAE) buffer. A current of 5 V/cm was applied to each gel. Gels were visualized over ultraviolet light. A pGEM DNA marker (Catalog No. G1741) 5 was used as the molecular size marker (2,645 to 36 bp). A 10 mL volume of PCR product was loaded onto agarose gels.
PCR Application
Confirmation of Isolates with Salmonella-Specific PCR. Each isolate and positive controls, S. enteritidis and S. heidelberg, were subjected to Salmonella-specific PCR using primers invA and invE. The presence of a 457-bp DNA fragment confirmed positive isolates.
AP-PCR with Different Salmonella Serotypes. Reference isolates of different Salmonella serotypes, S. kentucky, S. montevideo, S. senftenberg, and S. simsbury, and nonSalmonella strains, E. coli, Citrobacter spp., and Pseudomonas spp., were used in AP-PCR with primer sets LG6+LG8 and LG6+LG9. To determine the ability of these primer sets to discriminate among environmental isolates of the same serotype, Salmonella reference isolates that were the same serotype as environmental isolates were subjected to AP- PCR. Although reference isolates were not characterized as different at the subserotype level, the reference isolates from the Salmonella Reference Center were more likely to be different than similar serotypes at our facility because they were from a geographic region distant to our facility.
Biofingerprints of Salmonella Isolates. To generate biofingerprints of every Salmonella isolate, AP-PCR with primer combinations LG6+LG8 and LG6+LG9 was performed using purified genomic DNA. Genomic DNA was chosen as the DNA template to standardize the amount of DNA that was put into each AP-PCR reaction. Amplification products were separated as previously described.
RESULTS
Salmonella Isolates and Serotyping
Five different serotypes were found among 71 Salmonella isolates (Table 1) . These isolates were collected on Day 0, and at 2, 10, 14 and 18 wk of production. Salmonella simsbury, which accounted for 54.9% of the total isolates, was the most common serotype isolated from the production environment; S. kentucky was the second most common serotype (38.0%). The remaining three serotypes were S. montevideo, S. senftenberg, and S. ealing, totaling 7% of the isolates (Table 2) .
Isolate numbers, sample sources, and week of production for Salmonella serotypes are provided in Table 1 . Prior to placement of poults at Day 0, only one strain of S. ealing was isolated from a liner, and it was never recovered during the growout period. The maximum number of isolates occurred at Weeks 2 and 10 of production, and these isolates accounted for over 60% of all isolates. Other than S. ealing, all serotypes were found during these two periods. Overall, a decreased frequency of Salmonella detection was observed throughout the growout period as well as a reduction in the serotypes identified. It appears that all serotypes found do not thrive equally in the farm environment.
Salmonella-Specific PCR
When subjected to Salmonella-specific PCR using primers invA and invE, all isolates, including positive controls, generated a single, 457-bp amplified DNA fragment, on 1% agarose gel (Figures 1 and 2) . Due to the large number of isolates and the reproducibility of this PCR product, only a portion of the results, representative of the specific product, are depicted (Figures 1 and 2 ).
AP-PCR
The ability of arbitrary primer sets, LG6+LG8 and LG6+LG9, to discriminate different bacterial strains is illustrated in Figures 3 and 4 . Non-Salmonella isolates, such as E. coli, Citrobacter spp., and Pseudomonas spp. can be easily distinguished from Salmonella isolates by number and location of randomly amplified bands (Figure 4 ). Both primer sets could differentiate Salmonella serotypes except for S. simsbury and S. senftenberg. Variations in fingerprint patterns within the same serotype were observed for two serotypes, S. kentucky, and S. senftenberg (Figures 3 and 4) . Biofingerprints were different for isolates of different serotypes on agarose and acrylamide gels. Acrylamide gels visualized by silver staining detected more DNA fragments, especially smaller fragments, than agarose gels (Figures 5 and 6 ). Patterns were not different within the same serotype for isolates from farm sources. No differences were observed for S. simsbury within environmental isolates (Figures 7 and 8 ).
DISCUSSION
Confirmation of Isolates with Salmonella-Specific PCR
Salmonella-specific PCR with primer set invA and invE is rapid, sensitive, and reliable for detection of Salmonella in many clinical samples (Stone et al., 1994) . The present study supports the ability of these specific primer sets to confirm the isolates as Salmonella. All isolates, including positive controls, screened by PCR resulted in a 457-bp amplified product. No amplified products were obtained from non-Salmonella species (Guo et al., unpublished data) . The ability of Salmonella-specific primers to detect Salmonella species rapidly and accurately is primarily due to the primer sequences that are selected from the genes invA and invE of S. typhimurium Ginocchio et al., 1992) . Salmonella invA and invE genes code for proteins that are necessary for invasion of epithelial cells. This technique provides a tool, in lieu of polyvalent antisera, for confirmation of isolates as Salmonella.
Characterization of Salmonella Serotypes with AP-PCR
Different PCR product patterns were observed for Escherichia, Citrobacter, Pseudomonas, and Salmonella genera, and different species of Salmonella generated different biofingerprints. These observations indicate that primer sets, LG6+LG8 and LG6+LG9, have the ability to differentiate isolates at the genus and Salmonella species level. The presence of short intergenic repeated sequences have been described in enteric bacteria (Hulton et al., 1991; Versalovic et al., 1991) . The low number of amplified products that were generated in genera other than Salmonella suggests that the designed primers matched some repetitive sequences in Salmonella genomic DNA. These matches resulted in distinct fingerprints for most Salmonella isolates but not for non-Salmonella isolates.
The primers, LG6, LG8, and LG9, were 10-base oligonucleotides, randomly designed. Amplified DNA using very short arbitrary primers produced detailed and relatively complex DNA profiles and detected genetic differences at the species and subspecies level (CaetanoAnollés et al., 1991) . Two-primer sets were employed in amplification reactions. Multiple primers produce distinct AP-PCR fingerprint patterns and increases the potential of identifying new polymorphisms (Welsh and McClelland, 1991) . Amplifications using two-primer combinations produced discrete and reproducible profiles that differed from those obtained with each single primer (Micheli et al., 1993) . When a single primer was used, discrete and limited portions of genome were amplified, producing a characteristic set of amplification products (Guo, 1997) . When more than one primer was used, new products arose from the overlap of extension products initiated by each primer whereas others disappeared, resulting in different fingerprint patterns. Randomly amplified polymorphic DNA generated by AP-PCR with single or multiple arbitrary primers has proven to be of great value in the analysis of genetic relationship and bacterial genotyping (Fadl et al., 1995; Hedrick, 1992) .
Isolates from the Salmonella Reference Center, S. kentucky and S. senftenberg, generated different PCR profiles compared to isolates from the production environment of the same serotype, suggesting different strains of the same serotype. This suggestion was based on the likelihood that these reference strains would be different because they were collected from areas distant to the farm sources. No differences were observed between reference lab and environmental isolates for S. montevideo and S. simsbury. This finding may mean that primer sets, LG6+LG8 and LG6+LG9, cannot differentiate within certain Salmonella serotypes or the reference strains are the same subserotype or strain as environmental isolates. It is inconclusive from these observations whether or not primer sets LG6+LG8 and LG6+LG9 can differentiate all serotypes at the subserotype level.
Elucidation of Salmonella Transmission Paths
Although S. ealing was isolated from one liner at Day 0, serology and PCR results do not indicate that the liner was a primary source for Salmonella contamination in the turkey house during the rearing period, as this serotype was not recovered from other environmental samples. No other Salmonella was detected on Day 0. Salmonella was recovered at the highest frequency from all sources at Week 2 (Table 3) .
The hatchery may be the primary source of Salmonella contamination in poultry houses for two reasons (Bailey et al., 1996) . First, hatcheries serve as reservoirs for Salmonella. Cox et al. (1990) reported that nearly 75% of hatchery samples were contaminated with Salmonella. Jones et al. (1991) found 5 to 9% of day-old chicks to be Salmonella-positive. Secondly, newly hatched chicks are more susceptible to Salmonella colonization than older birds. With increasing age, older birds are more resistant to intestinal colonization by Salmonella due to the mature gut microflora (Barnes et al., 1972) . These results were supported by the present study, in which fewer Salmonella isolates were detected at Weeks 14 and 18 than at Weeks 2 and 10 (Table 2) .
Litter is another vector of Salmonella contamination (Bahatia et al., 1979; Bahatia and McNabb, 1980) . After Week 2, isolation of Salmonella did not decrease (Table 3) . Although it may not be the primary source in the present study, it is a component of the horizontal transmission pathway within the turkey house.
Waterers serve as a source of horizontal transmission of Salmonella, and once shed into the water, Salmonella can rapidly spread through a flock (Stersky et al., 1981) . When temperature is warm, water contaminants such as feces, litter, feed, and dust become a good media for Salmonella growth. This rationale was supported by data from the present study. In concert with the overall number of positive isolates from the turkey house, frequency of Salmonella isolates from water reached a maximum at Week 2 and gradually decreased from Weeks 10 through 18.
Feeders were an important vector of Salmonella transmission within the house. A high contamination rate of feed weighbacks (Table 1 ) was evident at 14 wk of production. Salmonella simsbury and S. kentucky were found in the feed weighbacks.
Isolation of Salmonella from litter, water, air, and feed weighbacks after initial placement of poults demonstrated that widespread cross contamination could occur in the turkey house. Because only S. kentucky and S. simsbury were detected at 14 and 18 wk, it suggests that some serotypes are more competitive than others in this environment. Application of AP-PCR to study on-farm ecology of foodborne pathogens has merit; however, to what extent it can characterize isolates at the subserotype remains to be determined.
